Background Few studies have considered garlic odour as a socially important outcome of occupational tellurium (Te) exposure or concurrent exposures, and most known guidelines focus on other signs and symptoms (e.g. weight loss and somnolence). This study considers workers exposed to tellurium and selenium (Se) at an Ontario, Canada silver refinery.
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Aims
To establish the relation of urinary tellurium concentrations to reporting garlic odour, while considering other work-related factors such as concurrent urinary selenium concentrations.
Methods
Historical surveillance records of urinary analyses for tellurium and selenium concentrations (mmol Te or Se/mol creatinine in urine) and symptom self-reports were used. Records were available from December 1986 to June 2002. Logistic regression models were fitted using age at sampling, tellurium and selenium urine concentration and duration of employment. Individual main effects were age adjusted and the final model was fitted for tellurium and selenium urine concentration and duration of employment.
Introduction
Garlic odour resulting from occupational tellurium (Te) exposure was first reported more than half a century ago, with little further study since [1, 2] . It is characterized by a sour garlic odour on the breath and in the urine, sweat and excrement, which can also less commonly be a sign of selenium (Se) exposure [3, 4] . It is important to note the potential social difficulties associated with this effect, which prompted the first investigation of the phenomenon at a silver refinery in 1920 [1] . Other conditions causing extreme odour (e.g. trimethylaminuria or fish odour syndrome) have been linked to social exclusion, shame and depression [5] .
Tellurium is a by-product of the electrolytic silver refining process, primarily occurring as tellurium dioxide (TeO 2 ). Reviews of previous research have prompted some to suggest a biological limit of 0.001 mg/l, or ,1 mmol tellurium/mol creatinine in urine, as a means of eliminating garlic odour as well as other signs or symptoms [6] . Previous studies have not considered other contributing or confounding factors, particularly concurrent selenium exposure.
The objectives of this investigation were to determine the association of urinary tellurium concentrations with selfreported garlic odour in the presence of potential confounding by urinary selenium concentrations, age and duration of employment and suggest biological monitoring improvements. It was undertaken as part of a larger study of tellurium exposure at a silver refinery.
Methods
Study subjects were drawn from a population of workers at the refinery from December 1986 to June 2002 and who had completed a voluntary garlic odour symptom questionnaire within 24 h of providing a urine sample for concurrent measurement of urinary selenium and tellurium concentrations. Prior to 1992, biannual spot sampling (50-ml urine) after the end of the worker's shift was mandatory. From 1992, this was standardized to a biannual spot sample of 100 ml of urine after a worker's sleep period. Analyses were performed using the first sample on record for workers as it was noted that workers became less likely to submit symptom self-reports after the first sample, resulting in ever smaller numbers of symptom reports. Samples were analysed via inductively coupled plasma mass spectrometry.
Data were collected from records held by the company occupational medicine department. Available information included date of birth, gender, selenium and tellurium urinalysis results and voluntary symptom questionnaires, which elicited information about the current presence (yes or no) of garlic odour.
The study received ethics approval from the Laurentian University Research Ethics Board.
Logistic regression analyses were performed using current presence of garlic odour as the dependent variable and age at sample time, duration of employment in years and urinary selenium and tellurium concentrations as continuous independent variables. All statistical analyses were generated using the Statistical Package for the Social Sciences software (SPSS 13 for Windows, Chicago, IL, USA).
Results
Seventy-seven workers met the inclusion criteria out of a potential population of 88. The workers' mean age was 39.9 years [standard deviation (SD) 7.5, range 27-59]. The mean urinary tellurium concentration was 2.4 mmol/ mol creatinine (SD 3.2, range 0.002-10). The mean urinary selenium concentration was 71.4 mmol/mol creatinine (SD 31.5, range 20-180). The mean duration of employment was 10.3 years, (SD 7.8, range #1-28) (see Table 1 ).
Age-adjusted odds ratios indicated that duration of silver refinery employment was not significantly associated with garlic odour. As workers increased in age, they were less likely to report garlic odour. Exposure to tellurium and selenium both significantly (P , 0.05) increased the likelihood of reporting garlic odour (see Table 2 ).
Logistic regression models were fitted based on the possibility of confounding from selenium and the limitations of the sample. Models were fitted using urinary tellurium and selenium concentrations and duration of employment for the first, while the four-factor model controlled for age as well. Urinary tellurium concentration was significantly associated [odds ratio (OR) 1.74, 95% confidence interval (CI) 1.01-2.97] with reporting garlic odour. Duration of employment did not significantly decrease the odds of garlic odour reporting. Urinary selenium concentration was not significantly associated Categories for independent variables shown were not utilized in logistic regression models.
with reporting garlic odour in the three-factor model but was in the four-factor model (OR 1.39, 95% CI 1.00-1.92) ( Table 2 ).
Discussion
Despite including urinary selenium and duration of employment as confounders rising urinary tellurium concentrations were the sole factor significantly associated with garlic odour reporting in the three-factor model. After controlling for age in the four-factor model, urinary selenium was also significantly associated with garlic odour reporting. The odds of reporting garlic odour rose significantly with urinary tellurium concentrations of .1 mmol/mol creatinine, but concentrations less than this appeared to limit, rather than eliminate, the likelihood of reporting garlic odour. Prior to inclusion in the final model, individual ageadjusted factors significantly associated with garlic odour reporting included urinary tellurium and selenium concentrations and age. Garlic odour self-reporting appeared to decrease with age, but whether this was due to increased experience with safety measures, reporting fatigue or even possible age-related decreases in olfaction is unknown.
The study's main weakness is the small sample size, making interpretation difficult [7] . Associations with selenium and potential interaction effects cannot be discounted without a substantially larger sample. Another issue is the possibility of selection bias arising from using historical records and voluntary self-reports of garlic odour, along with the lack of information on other potential confounders. The few studies of groups occupationally exposed to tellurium have all had small sample sizes, and no confounders [1, 8, 9] .
Although the results support urinary alert levels for tellurium of 1 mmol/mol creatinine, comparable to 0.001 mg/l previously suggested by Lauwerys [6] , the small sample size and non-aetiological nature of the study make this observation tentative. An earlier study concluded that 30% of workers with urinary tellurium levels ,9 mmol/mol creatinine reported garlic breath [9] . Some refineries have previously used a urinary alert level of 44 mmol Te/mol creatinine, based on the desire to avoid health effects other than garlic odour [10] .
This study confirms the importance of tellurium exposure and ensuing garlic odour within electrolytic refineries, despite improvements in surveillance, hygiene and personal protective equipment and suggests the importance of individual susceptibility [8, 9] . Mixed method quantitative and qualitative studies are needed to ascertain the threshold for garlic odour susceptibility and the possible social implications.
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Key points
• Despite improvements in hygiene and surveillance garlic odour due to tellurium exposure remains an issue for workers in electrolytic silver refining processes.
• The odds of reporting garlic odour increased at urinary tellurium concentrations of 1 mmol tellurium/mol creatinine, corresponding with previous suggestions for alert levels to prevent this effect.
• Concurrent selenium exposure is also a significant contributor to self-reported garlic odour.
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